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Stanley J. Henning and Russell Doorenbos 
Assistant Professor and Research Assistant, respectively 
Agronomy Department 
Iowa State University 
Introduction 
Byproducts from modern, biotechnological fermentation processes are produced in large volume, up to, and 
exceeding several thousand tons per year at each industrial site. The byproducts may consist of the biomass 
from the microorganisms used in the fermentation, raw inputs contained in the fermentation broth, and major 
and minor products offermentation. The primary source of energy for the microorganisms is corn, perhaps 
ten million bushels per year is converted to sugar for these industries. The byproducts may contain chemicals 
added to assist in the recovery of products, especially where ion exchange resins are used for this purpose. In 
addition, certain byproducts result from necessary ancillary processes such as peptide production by 
acidulation of soybean oilmeal and finally, treatment of process waste water. 
Industries producing the amino acids, glutamate and lysine, are the primary sources of the byproducts 
reported in this paper. Other byproducts available in Iowa are derived from organic acid and enzyme 
production. The glutamate and lysine byproducts contain about 6 to 7 percent total nitrogen (N). Nearly 80 
percent of the N is ammonium {NH/) which was used in the ion exchange process recovering the amino acid 
products. The remaining N is contained in organic forms, either associated with the microorganism cell-body 
or organic compounds occurring in the spent fermentation broth. Ammonium cations must be balance by 
negatively charged anions. The anions contained in the glutamate and lysine byproducts are chloride (Cl·) 
and sulfate (S04-), respectively. 
In 1996, experiments were conducted at the following locations with small grain and com test crops; ( 1) 
wheat and oats - the Southeast Iowa Research Farm (SERF) near Crawfordsville, (2) com -the ISU Bruner 
Research Farm (BF) near Ames, and (3) com - the Northwest Iowa Research Farm (NWRF) near Doon. 
Procedures 
The byproducts were broadcast applied to the small grain plots at SERF the first week of April after planting 
but before the oat crop had emerged. Wheat had been planted in the fall of 1995. Extra attention was given 
to sprayer calibration because the viscosity of the three materials vary markedly. There was some foliar 
injury to the wheat from all materials although the most severe occurred with the ammonium chloride based 
byproduct. The byproducts and UAN were sidedress applied at BF when the com was approximately one 
foot tall in early June. In each four-row plot, the material was injected 4 to 6 inches deep between the first 
and second rows and the third and fourth rows. A similar sidedress application was carried out at the NWRF. 
Because the byproducts and UAN were sidedress applied, no Late-Spring, Pre-sidedress Nitrate-nitrogen 
tests were conducted. Stalk nitrate-nitrogen samples are obtained from all com plots after the grain had reach 
physiological maturity or a killing freeze occurred. Grain samples are obtained from all plots for grain 
quality analysis by non-destructive, near-infrared spectroscopy. All plots are machine harvested by combine 
with grain weight and moisture content determined in the field. Owing to the delayed maturity of the com 
crop in 1996, the plots at NWRF have not been harvested as of November 1. Only the grain quality analysis 
of the wheat samples is available at this time. 
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Results 
The small grain data from SERF are given in Table 1. Significant disease infestations greatly reduced wheat 
yields this year. Differences in wheat grain yield responses were caused by N-rate and not source. However, 
grain protein was markedly increased by the ammonium chloride-rich N source. Oats responded more to N 
application rates but the variability of oat yields makes interpretation of these data problematical. At this 
time, oat protein data is unavailable because instrument calibration remains to be completed for this grain. 
Table 1. Small grain response to byproducts at SERF in 1996. 
Source andN 
Wheat Oats 
applied Moisture Yield Protein Moisture Yield 
lbs acre·1 percent bushels acre·1 percent percent bushels acre·1 
0 13.5 27.1 10.6 14.6 51.4 
AmmQniwn ch)Qrid~-rich b~rodu~t 
25 13.5 27.7 11.0 15.1 62.6 
50 13.5 27.9 11.1 14.7 57.6 
75 13.2 29.8 11.3 14.8 66.5 
AmmQniwn :mlfut~-rich b~rodu~t 
25 13.4 28.0 10.6 14.6 54.6 
50 13.5 29.6 10.7 14.4 61.8 
75 13.2 29.7 10.6 14.6 61.4 
Ur~n ammQniwn nitr~ (28% N :iQiutiQD) 
25 13.3 28.1 10.7 14.7 58.8 
50 13.5 30.4 10.7 14.4 55.5 
75 13.4 30.8 10.6 14.5 61.2 
Maximum 14.2 34.3 11.4 16.7 69.4 
Minimum 12.8 23.3 10.1 14.1 47.3 
Average 13.4 28.9 10.8 14.6 59.1 
Standard dev. 0.3 2.5 0.3 0.4 5.9 
The results of two experiments are reported from BF. Table 2 gives the results from an experiment where the 
byproducts and UAN were applied to the same plots and at the same rates as applied in 1995. Both years's 
data summaries are included. Besides grain yields, only the SP AD meter readings estimating chlorophyll 
content of corn leaves at pollination are available. The yield and SP AD reading of corn not receiving N in 
1996 was much less compared to the 1995 data for the same treatment. However, 1996 yields and SPAD 
meter readings of plots receiving N were also less than those reported in 1995. Application of the byproduct 
sources ofN resulted in greater yields than application ofUAN. 
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Table 2. Com response to byproducts at the ISU Bruner Farm, 1995 and 1996. 
122~ 122~ 
Nitrogen Yield Moisture SPAD Yield Moisture SPAD 
lbs acre·' bushels acre·• percent bushels acre·' percent 
0 85 16.2 40 25 22.8 34 
AmmQoiwn CblQride-ri~ B)llrodu~t 
100 119 15.3 49 78 23.0 47 
200 131 15.1 54 94 24.4 49 
AmmQnhun Sulf~-rich B)llrodu~t 
100 117 15.7 51 83 23.6 49 
200 140 15.0 56 93 25.2 51 
U~a AmmQoium Nitrate (28% N :iQlutiQO) 
100 119 15.3 53 79 23.8 48 
200 129 14.9 54 79 22.9 48 
Maximwn 152 17.4 60 120 27.5 53 
Minimwn 68 13.6 36 8 19.2 30 
Average 120 15.4 51 78 23.7 47 
Standard dev. 20 0.8 6 23 2.1 6 
A second experiment was conducted at BF in 1996 where the ammoniwn chloride rich byproduct was 
combined with UAN to supply 25, 50 and 75 lbs of Cl per acre. These applications were imposed over an 
existing experiment that had eight treatments of phosphorus (P) and potassiwn (K) factorially combined; four 
ofP and two ofK. These data are reported in Table 3. The zero rates ofP and K used in this experiment 
have produced com markedly deficient in these nutrients. In fact, P is supplied at an adequate amount only at 
the "2" level while the "1" level of K is adequate. These data suggest that Cl addition did increase com yield 
but only where P was adequate. 
Research elsewhere in the Midwest has suggested that crop responses to CI may be noted where its 
concentration in the soil is low. Those observations have primarily been noted in small grain crops. Only 
recently have there been observations that com will respond favorably to CI, too. 
Summary 
In 1996, research has demonstrated that biotechnology byproducts can be used successfully as N sources for 
crops in Iowa. Their S04- and CJ· anion components do require special attention to maintenance of proper 
soil pH. In fact, their use can increase soil acidity three times faster than conventional N fertilizers such a 
anhydrous ammonia or urea. However, both S04- and CJ· are essential plant nutrients and they may provide 
benefit to crops. Research in the future will determine ifS04• and CJ· can be used advantageously for crop 
production in Iowa. 
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Table 3. Com res~nse to chloride in 1996 at ISU's Bruner Farm~ 150 lbs N acre·1 a~~lied~. 
Chloride, ~unds acre·1 
Phos~horus Potassium 0 25 50 15 
Level Yield, bushels acre·1 ------------
0 0 89 84 84 84 
1 0 77 101 93 109 
2 0 79 88 94 99 
3 0 76 96 96 92 
0 1 116 81 80 77 
1 1 141 128 129 129 
2 1 147 146 171 155 
3 1 154 158 167 164 
Average 110 106 112 114 
Level 
-------- Grain moistw"e content, percent -----------
0 0 21.5 25.3 23.8 23.4 
1 0 20.2 24.4 23.5 22.2 
2 0 21.0 23.6 22.0 23.2 
3 0 19.6 22.8 20.9 22.0 
0 1 23.0 24.7 23.8 23.7 
1 1 21.4 25.2 23.5 23.1 
2 1 22.7 24.4 22.9 23.6 
3 1 22.9 25.0 23.2 23.1 
Average 21.5 . 24.4 22.9 . 23.0 
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